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Introduction
Diabetes mellitus is one of the commonest chronic diseases experienced by patients treated in primary care, and it is highly prevalent chronic disease associated with the development of both the mortality and morbidity including diabetes-related complications over the past decades. [1] In the US, owing to the substantial rise in the prevalence, diabetes mellitus projected to result in 43.1 million hospital inpatient days and 15.3 million times of emergency department visits each year. [2] While about one-four of all hospital inpatients days were incurred by patients with diabetes and about one-nine of all emergency department visits were incurred by patients with diabetes, the annual direct health care expenditures of hospitalization and emergency department visits incurred by patients with diabetes were projected to exceed 138 billion dollars. [2] Such economic burden of diabetes is expected to increase with the aging population worldwide, and underlined the important of developing multi-faceted clinical care and effective management strategies to reduce consequently preventable hospital service utilizations for patients with diagnosed diabetes.
Currently, structured diabetes education program is one of the key components of a clinical care and management strategy for patients with diabetes and those at high risk for developing diabetes-related complication. [3] Clinical benefits of structured diabetes education program has been well-recognized and confirmed in several systematic reviews [4] [5] [6] and meta-analyses, [7] [8] [9] in which thereby theoretically reduce health care expenditures and hospital service utilization. Apart from studies in Type 1 diabetes population [10] , there is mixed and limited evidence on the effects of structured diabetes education program on the use of hospital services including avoidable hospitalizations and unfavourable adverse events presented at emergency department visits. Most previous studies [11] [12] [13] reported the one-year effect of the education program on hospital service utilization that were not reduced significantly, whereas three studies [14] [15] [16] initiating more than one-year horizon reported that patients in education group experienced significantly lower frequency of the hospital services related to diabetes compared with those without. However, education programs delivered in specialist clinics and secondary care might not reflect current 'realworld' practice in primary care setting. In such, limited evidence is available on population-based data comparing the utilization rates of hospital service with and without structured diabetes education program.
Recent observational matched studies [17] [18] [19] addressed the knowledge gaps regarding the uncertainties surrounding effectiveness of structured diabetes education program in 'realworld' setting. The Patient Empowerment Programme (PEP) is a structured diabetes education program for individuals with type 2 diabetes. Evaluation of PEP in Hong Kong has shown to have significant improvement in metabolic control and reduction in the risk of cardiovascular diseases and all-cause mortality. Meanwhile, our aim of this populationbased propensity score matched cohort study was to evaluate the influence of PEP implemented in primary care on hospital service utilizations as compared to the alternative usual clinical practice without PEP. The incidence of emergency department visits and hospitalizations over the two years were examined between PEP and the usual clinical practice. It was hypothesised that PEP participants would be significantly associated with lower risks of initial and multiple episodes of hospital service utilizations.
Methods
The PEP structured education program has been launched by the Hong Kong Hospital Authority since 2010. It serves as a component of the multi-faceted management strategy to facilitate quality enhancement in primary care setting. It aims at providing participants with the knowledge, skills and self-awareness of their own disease condition and promoting autonomous self-regulation to maximise their potential for health and well-being.
Individual's lifestyle modification and risk factor management can be enhanced through different areas such as health education, skill transfer, self-efficacy enhancement, mutual support groups in the program. In order to enhance and maintain the participants' selfmanagement, 6-8 sessions on disease-specific knowledge and self-management skills, selfefficacy and lifestyle modification and post-program follow-ups were delivered by the expertise in community medical service and education of the non-government organisations.
The detailed description of PEP setting and mode of education delivery has been reported previously [17] [18] [19] .
Subjects
As of 31 March, 2012, the PEP has now been delivered to 15,497 adults with T2DM through four non-government organizations in Hong Kong. Informed consent was obtained from all individual participants included in the study. All subjects with T2DM who had attended at least one PEP session were included in the outcome evaluation from a population-based cohort through the clinical management system administrative database 
Baseline Covariates
Covariates of patients included the collection of socio-demographic, biomedical data and disease characteristics, and treatment modalities and enrolment of co-intervention [20, 21] for diabetes at baseline. Socio-demographic characteristics of patients included sex (female; male), age, smoking status (non-smoker; smoker), alcohol status (non-drinker; drinker), and educational level (no formal education/primary; secondary/tertiary). Biomedical data ≥2).
Propensity Score Matching
A propensity score matching was first introduced in 1983 [22] as the conditional probability of being intervention given the observed covariates [23] . The key purpose in this study was to create equivalent PEP intervention and non-PEP comparison groups by logistic regression analysis with summarising relevant baseline characteristics of each patient into a single-index variable (the propensity score) and then matching patients in the non-PEP pool to the patients in PEP intervention group based on the value of the propensity score [22, 24, 25] .
Correspondingly, the propensity score was generated for each patient, modelling PEP intervention as a dependent variable while the baseline covariates (including sex, age, smoking status, alcohol status, educational level, HbA1c level, BMI, blood pressure, triglyceride, total cholesterol-to-high density lipoprotein cholesterol ratio, low density lipoprotein cholesterol, eGFR, duration of T2DM, history of hypertension, history of macrovascular complication, history of microvascular complication, family history of diabetes mellitus, the use of insulin and enrolment of co-intervention for diabetes) of patients as independent variables. The propensity score mapping was made by using the "psmatch2"
command [26] with one-to-one matching without replacement method in the STATA.
Data Analysis
Descriptive statistics for the baseline characteristics of socio-demographic and clinical data in PEP and non-PEP groups were calculated after propensity score matching, and their differences were tested using Chi-square test or independent t-test for continuous or categorical variables, respectively. Episodes of hospitalization and emergency department visit are the outcome events of interest. The cumulative incidence rate and incidence rate of outcome events with 95% confidence interval based on the assumption that the observed incident cases followed a Poisson distribution in PEP and non-PEP groups were reported.
Multivariable Cox proportional hazards regression was performed to estimate the effect of PEP on the initial episode of outcome events, accounting for all baseline characteristics of patients. For each event model, survival curves were estimated by Kaplan-Meier method and their differences between PEP and non-PEP groups were compared using the log-rank test. Hazard ratio (HR) with 95% confidence intervals was reported for each factor in the regression models. Predictive accuracy of Cox models was assessed and compared using
Harrell's discrimination C-index, ranging from zero to one. A value of 0.5 indicates no predictive discrimination, and values of 0 or 1.0 indicate perfect separation of patients [27] .
Goodness-of-fit for Cox regression model were assessed using Akaike information criterion (AIC) and Bayesian information criterion (BIC).
Frequencies of outcome events were compared between the PEP and non-PEP groups by
Poisson regression analyses when adjusted all baseline characteristics of patients. Negative binomial regression models were used instead of Poisson regression models in cases when the ratio of residual deviance to degrees of freedom was far greater than one, indicating the overdispersed count outcomes.
In addition to intention to treat analysis, per protocol analysis was also performed using PEP participants who had completed the program and the propensity-matched non-PEP participants. All statistical analyses were performed using STATA Version 13.0 (StataCorp LP. College Station, Texas, U.S.). All significance tests were two-tailed and those with a p-value less than 0.05 were considered statistically significant.
Ethics approval of this study was granted by Institutional Review Board in Hong Kong, and international clinical trial registry (NCT01935349, ClinicalTrials.gov).
Results
Socio-demographic, baseline laboratory results and clinical characteristics of both PEP
and non-PEP participants after propensity score matching are displayed in Table 1 . Out of a total of 15,497 T2DM subjects, 12,125 (78.2%) were successfully matched with non-PEP participants by socio-demographic and clinical characteristics. Both groups had similar socio-demographic and clinical characteristics, as reflected by p-values all greater than 0.05. Moreover, 6,099 PEP participants who completed the programme were also paired with non-PEP participants on a one-to-one basis for sensitivity analysis. These two groups also showed insignificant difference in all socio-demographic and baseline characteristics. 
Discussions
This is the large scale population-based cohort study investigating the associations between structured diabetes education program and hospital service utilizations, among diseases [29] , and thereby prevention of hospital service episodes.
Finding in current study was in line with three prior studies [14] [15] [16] which examined the effects of diabetes education program on hospital service utilization over a prolonged follow-up period. First, structured diabetes education group in a Korean study was significantly lower frequency of hospitalization related to diabetes than control group after a median follow-up of four years. Moreover, results from a retrospective cohort study showed that education program was significantly associated with delaying in first episode of hospitalization. Conversely, the results from one-year studies [11] [12] [13] 18] consistently showed that there was no significant difference in the frequency of inpatient visits between structured diabetes education and control groups. By contrast with argument that program effect deteriorated over time [9] , the cumulative effects of PEP on the initial and multiple episodes of hospitalization and emergency department visits were recognized in current study.
Besides the main analysis using whole group of PEP participants, risks of hospitalization and emergency department visits after PEP participation were more pronounced among those with program completion at sensitivity analysis. Consistent with our recent work [17, 18] , the program completion strengthened the associations of PEP intervention with cardiovascular and microvascular complications, and it enhanced efforts on the preventions of diabetes-related complications. In aggregate, our findings clearly supported that PEP completers experienced greater benefit from PEP intervention.
Limitations
Several limitations of this study should be acknowledged. First, this is an observational database study, subject to the misclassification bias of outcome and comorbidity predefined by ICD-9-CM coding as well as the selection bias of PEP participants who are likely to be motivated and involved in healthy lifestyle modification. Likewise, patients who were suffered from multiple chronic conditions may be precluded from PEP enrolment but they may have high likelihood of hospital services utilizations. Furthermore, the confounding variables such as lifestyle behavior, health literacy and motivation were not measurable in administrative database. Nevertheless, the design of propensity score matching was conducted to minimize the selection and confounding biases arising from the comparative study, and further establish a fair comparisons of outcome events between PEP and non-PEP groups. Secondly, unit costs of hospitalization and emergency department visit were not stratified by the principal disease diagnosis represented by the ICD-9-CM diagnosis code system. For instance, hospital admissions related to macrovascular complications were more costly than that related to microvascular complications [30, 31] . Finally, data from this study were not entirely representative of Chinese populations in other parts of the world, or those under specialist care or in the private sector, even though the findings were generated from a large population-based database of the public service that managed over 50% of diabetic patients in Hong Kong.
Conclusion
In conclusion, hospital service utilizations with respect to hospital admission and emergency department visits were significantly reduced after PEP participation in 'realworld' primary care setting. Our population-based cohort study also showed that structured diabetes education program led to the benefits of substantial reductions in the initial episode and frequencies of hospital service utilizations and their associated direct medical costs.
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